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tions.  Numerous  processing  variables  were  aiso  investigaced  with  the 
result  that  a total  of  one  hundred  thirty-one  processing/material  com- 
binations were  tried. 

The  net  results  cf  this  investigation  was  the  identification  of  four 
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fourth  is  a French  produced  nylon  11  material  (BMNO)  with  the  253P 
adhesive.  Gunfire  results  are  presented  and  discussed  and  recom- 
mendations for  following  up  the  work  conducted  in  this  program  and 
optimizing  the  performance  of  the  most  promising  materials  are 
made. 
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PREFACE 

This  final  report  was  submitted  by  the  University  of  Dayton 
Research  Institute,  Dayton,  Ohio  under  contract  number  F33615- 74- 
C-5024,  7381/01/34,  with  the  Air  Force  Materials  Laboratory, 
Wright  Patterson  Air  Force  Base,  Ohio.  Mr.  E.  J.  Morrisey  was 
the  laboratory  project  monitor. 
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INTRODUCTION  BACKGROUND 


A rotating  band  is  that  part  of  a projectile  which  extends  above  the 
diameter  of  the  basic  projectile  body  and  which  engages  the  lands  and  grooves 
on  the  interior  of  rifled  gun  barrels.  It  consists  of  a relatively  soft  mat- 
erial which  must  serve  as  a seal  to  prevent  gaseous  products  of  propellant 
combustion  from  escaping  around  the  projectile  and  must  be  firmly 
anchored  to  the  projectile  to  impart  spin  as  the  projectile  accelerates 
through  the  gunbarrel.  In  addition,  the  rotating  band  must  possess 
sufficient  integrity  that  it  does  not  fray,  crack,  or  break  up  either  in 
the  gunbarrel  or  in  free  flight  after  exiting  the  barrel. 

The  United  States  has  been  using  relatively  soft  metals  such  as 
copper  for  many  years  for  rotating  bands.  There  are  a number  of  dis- 
advantages associated  with  the  use  of  metallic  rotating  bands  but  the 
problems  become  most  pronounced  at  high  rates  of  fire  and  high  muzzle 
velocities.  Under  these  conditions  one  of  the  major  problems  becomes 
gunbarrel  wear  or  erosion.  This  situation  has  been  recognized  for  many 
years  and  a substantial  effort  has  been  invested  over  the  years  to  investi- 
gate and  develop  alternate  materials  to  the  soft  metals  for  use  as  rotating 
bands.  These  efforts  are  well  summarized  in  a number  of  publications  [1,  2] 
and  will  not  be  further  reviewed  here.  The  University's  involvement  in  an 
investigation  of  this  nature  commenced  in  December  of  1973  and  continued 
until  July,  1975,  concentrating  on  the  20mm  projectile. 

At  the  time  the  writer  became  involved  i,i  the  program,  the  status 
of  the  program  was  that: 

(a)  Nylon  12  had  been  found  to  work  adequately  but  it  was  not 
manufactured  domestically  and  was  expensive.  It  was 
desired  that  a less  expensive  material  which  was  domesti- 
cally manufactu red  be  found. 

(b)  A less  expensive  molding  technique  than  ring- gate/ insert 
molding  was  desired. 


Item  (b)  had  already  been  addressed  by  the  Materials  Engineering  Branch 
(MXE)  of  the  Air  Force  Materials  Laboratory  (AFMI  }.  The  proposed 
solution  employed  an  improved  mold  design  to  reduce  material  waste 
and  machine  time.  The  new  technique  employs  side  gating  and  pro- 
duces weld  lines  where  the  molten  polymer  flows  around  the  projectile 
from  opposite  sides  and  meets.  Weld  lines  are  reputed  at  best  to  be 
only  80  to  90%  as  strong  as  weld  free  portions  of  the  band  [2]  but  in  our 
experience,  no  failures  whatsoever  have  been  associated  with  the  weld 
lines.  The  original  objective  of  the  effort  reported  here,  consequently, 
was  to  investigate  alternative  materials  and  adhesives  so  as  to  replace 
nylon  12  with  an  inexpensive,  domestically  available  band  material. 

Several  considerations  changed  during  the  course  of  the  program.  One 
of  the  earliest  changes  was  the  dropping  of  the  expense  criteria.  The 
desire  was  to  simply  find  a domestically  available  alternate  to  nylon  12, 
regardless  of  cost.  This  was  to  be  accomplished  by  using  a one-half  inch 
long  band  with  no  bevel  on  either  the  leading  or  trailing  edges,  even 
though  it  was  already  known  at  this  time  that  a bevelled  angle  on  both 
the  leading  and  trailing  edges  improved  band  performance.  It  was  also 
learned,  several  months  into  the  effort,  that  the  ultimate  band  length 
would  have  to  be  reduced  to  0.  28  inches  instead  of  0.  50  inches.  Since 
by  this  time  a 0.  50  inch  mold  insert  was  available,  it  was  agreed  that 
work  could  proceed  using  the  0.  50  inch  length.  The  primary  aim  at  this 
point  was  to  find  a material  equivalent  or  superior  to  the  nylon  12  material, 
and  it  was  felt  that  this  could  be  accomplished  with  the  0.  50  inch  band 
length  simply  by  comparing  the  performance  of  0.  50  inch  nylon  12  bands 
to  that  of  0.  50  inch  bands  of  the  various  candidate  materials. 
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II.  TECHNICAL  DISCUSSION 


A.  Approach 

At  the  time  that  the  University  became  involved  in  this  program, 
no  quantitative  information  was  available  regarding  the  strength,  toughness, 
or  other  property  levels  required  cf  the  band  material  or  adhesive  in  order 
to  achieve  acceptable  performance  over  the  required  temperature  range 
(-(  5°F  to  160°F).  Further,  only  a qualitative,  and  even  for  that  matter 
relatively  speculative,  idea  existed  regarding  the  loading  modes  which 
a rotating  band  and  its  adhesive  would  be  subjected  to  during  gunfire.  The 
approach  adopted  therefore  was  largely  an  empirical  one  guided  by  the 
judgment  and  experience  of  the  author  and  the  AFML  program  monitor.  In 
general,  materials  were  sought  which  possessed  and  retained  down  to  -65°F, 
a degree  of  impact  resistance  comparable  or  superior  to  the  nylon  12  mat- 
erial. For  each  band  material  investigated,  one  or  more  adhesives  were 
tried.  The  adhesives  tried  were  either  recommended  by  the  band  material 
supplier  or  were  members  of  the  general  class  of  adhesives  recommended 
for  use  with  that  type  of  material  [3]. 

B.  Materials  Investigated 

During  the  course  of  the  experimental  effort,  eighteen  specific 
thermoplastic  band  materials,  representing  seven  general  families  of  poly- 
mers, were  investigated.  Eleven  specific  adhesives  representing  eight 
general  types  were  utilized  during  the  program  as  well  as  four  different 
adhesive  primer  materials.  A total  of  forty -nine  band  mate  rial /adhesive/ 
primer  combinations  were  fabricated  and  evaluated.  Superimposed  upon 
this  total  were  numerous  processing  variations  such  as  projectile  surface 
preparation  and  adhesive/primer  curing  schedule.  The  total  number  of 
different  processing/material  combinations  examined  therefore  ran  well 
ove r one  hundred . • Tables  A - 1 through  A - 3 list  the  material s used  in  this  program 
while  Table  A-4  lists  the  material/adhesive/primer  combinations  investigated. 

Appendices  A and  B summarize  the  materials  and  processing  combinations 
investigated  in  this  program. 


'?  tfs&f ££3 


1 


8? 


C . Fabrication  Procedures 

All  of  the  rotating  bands  evaluated  during  this  program  were 
injection  molded  on  a Newbury- Eldorado,  75-tcn,  3-ounce  injection 
molding  machine.  The  molding  parameters  used  to  fabricate  all  the 
various  sets  of  rotating  band  samples  are  tabulated  in  Appendix  B. 

Any  subsequent  adhesive  bonding  operations  to  which  the  banded  sam- 
ples were  subjected  to  culminate  bonding  are  also  presented  in 
Appendix  B. 

In  essence,  the  sample  fabrication  process  consisted  of  four 
general  phases.  The  first  consisted  of  the  preparation  of  the  projectile 
surface  for  bonding.  This  phase  consisted  01  a number  of  substeps 
including  grit  or  glass  bead  blasting,  methyl  ethyl  ketone  (MEK) 
degreasing  and  air  drying.  The  second  phase  consisted  of  application 
of  the  adhesive.  This  could  have  been  a simple  dip  or  brush  coating 
or  the  wrapping  and  heat  tacking  of  a tape-type  adhesive  onto  the  sur- 
face. In  some  cases,  a base  primer  coat  had  to  be  applied  before  the 
adhesive  itself  and  in  some  cases  the  adhesive  required  a bake  after 
application  but  prior  to  molding  of  the  band.  The  third  phase  was  the 
injection  molding  of  the  band  itself  while  the  fourth  phase  was  the  post 
molding  bond  completion.  Although  in  most  cases,  the  adhesive  appli- 
cation, molding  and  bonding  conditions  recommended  by  the  manufacturer 
were  utilized,  some  variations  in  these  processing  parameters  were 
introduced  during  the  course  of  the  program  with  some  of  the  band 
materials  and  adhesives.  These  variations  were  aimed  at  improving 
the  performance  of  the  various  systems  over  that  achieved  with  the 
recommended  processing  conditions.  For  the  most  part,  the  specific 
details  of  the  processing  of  the  various  band  and  adhesive  combinations 
will  not  be  discussed  in  the  text  since  this  information  is  quite  cumber- 
some and  can  be  obtained  from  Appendix  B if  desired.  In  a few 
instances  however,  salient  variations  in  the  processing  parameters 
which  led  to  significantly  improved  or  reduced  performance  levels  will 
be  discussed . 
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D.  Testing  and  Evaluation  Procedures 


Early  in  the  program,  it  was  requested  that  some  sort  of  screening 
technique  be  developed  and  utilized  to  simulate  the  effects  of  eunnre  testing 
and  reduce  the  number  of  gunfire  tests  required  to  evaluate  the  various 
materials.  A falling-dart  type  impact  tester  was  suggested  as  having  served 
this  purpose  well  in  other  similar  studies.  Accordingly,  a falling- weight 
impact  tester  already  available  at  the  University  was  modified  for  this  pur- 
pose. Figure  i illustrates  this  test  device.  It  is  capable  of  dropping  a 
one,  two,  or  four  pound  weight  from  any  height  up  to  eight  feet  onto  a sample. 
The  sample  rests  in  a V- block  and  is  impacted  by  a blunted  knife  edge  0.  0735 
inches  wide,  a dimension  comparable  to  the  width  of  a rifling  land.  The 
length  of  the  knife  edge  is  or.e  inch,  which,  is  longer  than  the  band,  and  is 
aligned  aicng  the  projectile  axis  so  that  the  excess  length  serves  to  limit 
penetration  to  the  surface  of  the  main  projectile  :.-o;L. , the  same  situation 
encountered  ir.  a gunbarrel. 

A series  of  falling  dart  tests  on  nylon  rotating  band  specimens 
was  conducted  early  in  the  program  to  determine  if  any  difference  in  per- 
formance was  manifested  with  various  combinations  of  dropping  weight  and 
drop  height.  It  was  found  that  for  equivalent  impact  energy,  equivalent 
band  performance  was  obtained,  regardless  of  the  combination  of  weight 
and  drop  height  used  to  attain  the  impact  energy.  Consequently,  all  further 
screening  tests  were  conducted  with  a four  pound  weight,  different  impact 
energies  being  achieved  simply  by  varying  the  drop  height. 

The  falling  dart  impact  test  described  above  was  used  to  screen 
the  many  materials  examined  during  the  course  of  this  effort  and  to  identify 
those  v'hich  looked  promising  enough  for  further  evaluation  in  an  actual  gun- 
fire test.  The  gunfire  tests  were  conducted  at  the  Air  Force  Armaments 
Laboratory  (AFATL),  Eglin  AFB,  Florida.  Barrel  number  23,  a 30/20 
barrel  with  a constant  twist  of  one  twist  in  24  inches  was  employed.  Thirty 
millimeter  cartridge  cases  were  employed  to  achieve  the  desired  velocities 
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but  were  necked  down  to  20  millimeters  to  accomodate  the  projectiles.  Tests 
were  conducted  at  a nominal  muzzle  velocity  of  4000  fps.  Maximum  chamber 
pressure  and  projectile  exit  velocity  were  recorded  during  the  test  and  an 
in-flight  photograph  of  the  specimen  was  taken  to  permit  inspection  of  the 
condition  of  the  rotating  band  after  its  exit  from  the  barrel.  Tests  were 
conducted  at  room  temperature,  -65°F,  and  165°F.  Figures  2 and  3 repre- 
sent typical  in-flight  photographs  illustrating  the  various  types  of  rotating 
band  conditions  seen  in  a gunfire  test  ar.d  which  are  discussed  in  the  text 
and  listed  in  Appendix  C.  Table  1 lists  the  specifics  for  each  specimen 
photograph  in  Figures  2 and  3 so  that  the  reader  may  cross  reference  the 
photographs  and  the  test  results  tabulated  in  Appendix  C. 

Use  of  a constant-twist  barrel  is  an  admittedly  more  severe  test 
condition  than  the  projectile  would  see  in  a gain-twist  barrel,  which  is 
the  type  in  service.  The  rationale  for  using  the  constant-twist  barrel, 
however,  was  that  since  it  did  represent  the  more  severe  condition,  a 
material  which  performs  successfully  in  this  situation  would  have  a built- 
in  margin  of  safety  in  the  less  taxing  gain-twist  system.  Late  in  the  pro- 
gram effort,  some  shots  were  fired  with  a gain-twist  barrel  and  as  expected, 
band  performance  was  significantly  better. 

Examination  of  all  the  test  data  accumulated  during  this  program 
from  both  the  falling  dart  and  gunfire  tests  leads  to  a number  of  conclusions 
regarding  correlation  of  material  performance  in  the  two  different  tests. 

First,  it  must  be  noted  that,  by  far,  the  bulk  of  the  falling  dart  tests  were 
conducted  using  an  eight  foot-pound  impact  energy.  This  level  was  selected 
because  the  nylon  12-253P  system  was  capable  of  surviving  falling  dart 
impacts  at  this  energy  level  at  all  three  test  temperatures  (-65°F,  72°F, 
165°F)  without  fracture  or  debonding.  It  was  reasoned  that  since  we  did 
not  know  what  impact  energy  level  corresponded  to  a material1  s ability 
to  perform  satisfactorily  in  a gunfire  test,  selection  of  an  impact  energy 
level  which  the  nylon  12-253P  (the  best  gunfire  performance  found  to  date! 


7 


TABLE  1 


SPECIMEN  NUMBER,  MATERIALS,  AND  TEST  CONDITIONS 
FOR  IN-FLIGHT  PHOTOGRAPHS  OF  FIGURES  2 AND  3 


AFATL 
Shot  No. 

Specimen 

Number 

Band/ Adhesive 
Combination 

Test 

Temp. 

Interpretation  of 
Photograph 

685 

80-22 

BMNO/253P 

75°F 

Pass  - Band  fully 
intact. 

431 

75-14 

Zytel  158/253P 

75°F 

Pass  - Slight  fray- 
ing at  rear  edge. 

418 

76-12 

Zytel  158/P3 

75°F 

Fail  - Small  piece 
off  rear  edge. 

383 

90-17 

Zytel  211/253P 

75°F 

Fail  - Large  piece 
lost. 

365 

75-3 

Zytel  158/253P 

75°F 

Fail  - Entire  band 
lost. 

416 

90-82 

Zytel  211/253P 

75°F 

Photo  blurred  - 
band  looks  intact 
but  may  be 
slightly  frayed. 

417 

76-11 

Zytel  158/ P3 

75°F 

Photo  blurred  - 
band  looks  intact 
but  may  be  very 
slightly  frayed. 
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could  withstand  would  serve  as  a useful  starting  point.  In  retrospect, 
it  appears  that  the  use  of  eight  foot-pounds  impact  energy  does  provide  a 
fairly  reliable  indication  at  72°F  of  a material's  ability  to  perform 
well  in  gunfire  tests  at  72°F.  At  -65°F,  however,  the  falling  dart 
impact  tost  using  eight  foot-pounds  appears  to  be  too  severe  a condi- 
tion since  every  combination  tested  with  the  falling  dart  apparatus  at 
this  temperature  except  for  the  nylon  12-253P  system  experienced 
fracture  or  debonding  or  both.  Some  materials  which  looked  poor  in 
the  falling  dart  tests  at  -65°F,  however,  looked  rather  encouraging  in 
gunfire  tests  at  this  temperature.  At  165°F,  on  the  other  hand,  most 
materials  tested  with  the  falling  dart  looked  quite  suitable,  although 
these  same  materials  did  not  perform  as  consistently  well  in  gunfire 
tests  at  this  temperature.  What  all  this  meanl  is  that  these  materials 
may  not  be  as  good  as  the  nylon  12-253P  system  in  resisting  this  type 
of  impact,  particularly  at  the  lower  temperature,  but  that  they  still 
may  be  good  enough  to  survive  a gunfire  test.  The  fact  that  a falling 
dart  impact  test  is  strictly  a compressive  test  while  a rotating  band 
during  gunfire  sees  not  only  compressive  but  also  shear  stresses  un- 
doubtedly contributes  to  this  less  than  perfect  correlation  between  the 
two.  All  of  these  considerations  indicate  a need  to  know  the  actual 
stress  levels  encountered  by  a rotating  band  during  gunfire  at  different 
temperatures  and  how  various  combinations  of  material  mechanical 
properties  affect  and  respond  to  these  stresses. 
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Figure  3.  Typical  In-Flight  Photographs  of  Gunfire  Test  Specimens 


E.  Experimental  Results 


As  mentioned  in  Section  IIB,  a total  of  forty-nine  band/adhesive/ 
primer  combinations  were  fabricated  and  evaluated,  and  the  number  of 
processing  variations  superimposed  upon  this  total  brought  the  total  num- 
ber of  processing/material  combinations  to  over  one  hundred.  Each  of 
these  combinations  were  screened  with  the  falling  dart  test  to  see  how 
well  they  performed  in  comparison  with  the  best  material  found  to  date, 
nylon  12  bonded  with  253P  adhesive  primer.  The  screening  tests  were  con- 
ducted at  72°F  and  any  material  performing  well  at  this  condition  was  then 
impacted  at  -65°F  and/or  165°F.  Only  those  materials  which  looked  pro- 
mising in  the  falling  dart  screening  test  were  forwarded  to  AFATL  for 
gunfire  testing. 

Most  of  the  materials  fabricated  and  screened  during  this  pro- 
gram did  not  perform  well  in  the  falling  dart  tests,  experiencing  either 
band  fracture  or  debonding  from  the  projectile  substuate  as  a result  of 
the  impact.  Rather  than  expand  individually  on  the  test  results  for  each 
single  material  and  processing  variation,  the  results  for  all  the  materials 
are  summarized  in  Appendix  C.  Only  those  systems  which  appeared 
promising  and  were  sent  to  AFATL  for  gunfire  tests  will  be  discussed 
individually  in  the  text,  with  brief  summaries  of  the  results  for  other 
systems  presented  in  the  conclusion  section  starting  on  page  26.  This 
reduces  the  descriptive  task  to  manageable  proportions  since  only  eight 
combinations  were  subjected  to  gunfire  testing  at  AFATL.  All  of  these 
eight  e >mbinations  involved  nylon  bands  (nylon  6,  nylon  6/12,  nylon  11, 
and  nylon  12)  and  epoxy- phenolic  (P3  and  P104)  or  a proprietary  epoxy 
type  (253P)  adhesive.  One  of  the  eight  was  the  nylon  12/253P  combina- 
tion which  has  proven  to  be  the  best  material  system  found  to  date  for 
20mm  rotating  bands  fired  at  4000  fps.  Tabic  2 lists  the  eight  combi- 
nations which  will  be  individually  discussed. 
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TABLE  2 

ROTATING  BAND  SYSTEMS  EVALUATED  IN 
GUNFIRE  TESTS  AT  AFATL 


Band 

Material 

Material 

Designation 

Adhesive 

Nylon  12 

L1901 

253P 

Nylon  11 

BMNO 

253P 

Nylon  11 

BMNO 

P3 

Nylon  6/12 

Zytel  158 

253P 

Nylon  6/12 

Zytel  158 

P3 

Nylon  6 

Zytel  211 

253P 

Nylon  6 

Zytel  211 

P3 

Nylon  6 

Zytel  211 

PI  04 

* 


13 


L1901-253P 


At  the  time  that  the  University  became  involved  in  this  effort,  the 
nylon  12/253P  system  had  already  established  itself  as  the  best  performing 
system  yet  tested.  It's  performance  was  reputed  to  be  fully  adequate  a' 
ambient  conditions  and  at  -65°F,  but  at  165°F  it's  performance  was  not 
fully  satisfactory  due  to  softening.  Further,  since  the  material  was 
not  domestically  manufactured,  the  whole  object  of  our  program  was  to 
find  a domestically  produced  alternative.  Asa  first  step,  however,  sev- 
eral series  of  rotating  bands  using  this  material  were  fabricated  to  esta- 
blish the  level  of  impact  energies  which  this  system  was  capable  of  sus- 
taining in  the  falling  dart  screening  test.  This  would  then  serve  as  a goal 
for  other  materials  systems  to  aim  for  if  they  were  to  equal  or  surpass 
the  performances  of  the  nylon  12  systems.  After  fabricating  a series  of 
nylon  12/253P  rotating  band  specimens  and  subjecting  them  to  falling  dart 
screening  tests,  it  was  found  that  this  system  was  capable  of  sustaining  an 
impact  energy  of  eight  foot-pounds  at  all  three  test  temperatures,  -65°F, 
ambient,  and  165°F,  without  visible  damage  other  than  the  indentation  from 
the  blunted  nose  of  the  dart.  Later  in  the  program,  in  fact,  it  was  learned 
that  this  level  of  performance  was  achieved  by  the  nylon  12/253P  system 
in  an  0.  200  inch  band  length  as  well  as  the  0.  500  inch  length.  A set  of  L1901- 
253P  rotating  band  specimens  was  consequently  sent  to  AFATL  for  gunfire 
testing.  This  set  contained  five  specimens.  All  five  were  fired  at  ambient 
conditions  and  all  five  rotating  bands  were  fully  retained  after  leaving  the 
test  barrel.  These  bands  had  a 30°  bevel  on  the  front  edge  but  none  on  the 
rear  edge  and  since  these  were  the  locations  of  the  observed  imperfections, 
it  is  possible  that  with  a more  gradual  bevel  on  the  front  and  rear  edges, 
the  samples  would  have  exhibited  no  imperfections  at  all.  At  any  rate,  the 
fact  that  all  five  samples  passed  was  in  accord  with  previous  results  and 
verified  that  our  fabrication  procedures  were  capable  of  producing  rotating 
band  specimens  equivalent  to  those  produced  by  other  laboratories  working 
in  this  area. 
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BMNO-253P 


The  close  similarity  of  nylon  11  to  nylon  12  (eleven  carbon  atom  se- 
quences in  the  chain  backbone  rather  than  twelve)  made  it  an  obvious  choice 
to  investigate  since  the  nylon  12  had  proved  adequate.  The  fact  that  the  nylon 
11  source  is  located  in  France  rather  than  the  U.S.A.  was  a known  drawback, 
but  it  was  felt  that  if  the  material  proved  technically  satisfactory,  an  alter- 
nate to  the  German-made  nylon  12  would  be  a better  situation  than  no  alter- 
nate at  all. 

A series  of  BMNO/253P  rotating  band  specimens  were  consequently 
prepared.  Falling  dart  screening  tests  on  this  material  system  indicated 
that  it  was  equivalent  to  the  nylon  12/253P  system  at  ambient  and  165°F, 
but  inferior  at  -65°F.  At  the  low  temperature  the  nylon  11  system  exper- 
ienced both  fracture  and  debonding  from  the  projectile  when  impacted  with 
eight  foot-pounds.  Because  of  the  good  performance  at  the  two  higher  tem- 
peratures, a set  of  fifteen  samples  were  sent  to  AFATL  for  gunfire  testing. 
Five  were  to  be  fired  at  each  of  the  three  test  temperatures.  At  ambient 
conditions,  one  photograph  was  not  obtained  when  the  camera  malfunctioned. 
Of  the  remaining  four,  three  passed  the  gunfire  tests  with  no  visible  damage 
to  the  bands  other  than  the  engraving  grooves,  apparent  in  the  photographs. 
The  specimen  which  failed  had  lost  the  rear  two-thirds  portion  of  the  band 
between  two  of  the  engraving  grooves  and  a small  piece  from  the  rear  of  the 
adjacent  between-groove  section.  All  five  specimens  fired  at  165°F  were 
intact  and  therefore  passed  the  test,  although  a very  slight  amount  of  fray- 
ing appeared  to  occur  on  the  leading  or  trailing  edges.  All  of  the  muzzle 
velocities  of  the  165°F  shots  were  slightly  lower  than  the  4000  fps  target 
velocity  (3946-3986  fps).  This  might  be  attributable  to  a softening  of  the 
material  at  this  temperature  with  a subsequent  failure  to  build  up  sufficient 
back  pressure  in  the  breech  to  impart  a higher  velocity  for  a given  charge. 

At  -65°F,  one  specimen  was  not  tested  for  unstated  reasons.  Of 
the  remaining  four,  one  specimen  passed  while  three  failed.  Of  the  three 
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failures,  one  sample  had  lost  a small  piece  of  the  band  from  the  front  edge 
of  the  band  while  the  other  two  lost  half  or  more  of  their  bands.  Again,  the 
above  shots  were  conducted  on  samples  which  had  a 30°  bevel  on  the  leading 
edge  and  none  on  the  trailing  edge  and  most  all  of  the  damage  inflicted  upon 
the  bands  was  at  one  of  these  two  locations. 

BMNO-P3 

In  addition  to  the  253P  adhesive  used  with  the  nylon  12  (L-1901)  and 
nylon  11  (BMNO),  an  additional  adhesive,  sold  by  the  same  company  that 
handles  the  BMNO  resin,  was  tried.  This  adhesive,  P3,  was  developed 
especially  for  use  with  nylon  11  and  was  tried,  not  only  here,  but  also  later 
with  other  <-ypes  of  nylon. 

A relatively  small  series  of  BMNO/P3  specimens  were  prepared. 

In  the  falling  dart  screening  test  this  system  looked  satisfactory  at  ambient 
conditions.  A set  of  five  samples  were  forwarded  to  AFATL  for  gunfire 
testing.  Four  of  the  five  were  fired  with  three  of  these  four  losing  half  or 
more  of  the  band  during  firing,  predominately  from  the  rear  edge  of  the 
bands.  The  fourth  specimen  might  also  have  lost  a part  of  the  band  but 
the  in-flight  photograph  was  difficult  to  interpret.  These  specimens  also 
had  a 30°  bevel  on  their  front  edges  and  none  on  the  rear. 

Zytel  158-253P 

The  wide  domestic  availability  and  relatively  low  cost  of  type 
6/12  nylon  made  this  material  a desirable  candidate  for  evaluation.  The 
molecular  structure  of  nylon  6/12  would  lead  one  to  hope  that  its  higher 
stiffness  and  melting  point  combined  with  its  more  frequent  spacing  of 
carbonyl  groups  would  simultaneously  serve  to  provide  better  165°F  per- 
formance than  nylon  12  and  also  more  sites  for  adhesive  bonding  to  the 
projectile  substrate. 

Several  sets  of  Zytel  158  rotating  bands  were  prepared  using  253P 
as  the  adhesive.  It  was  reasoned  that  an  adhesive  which  bonded  to  nylon  12 
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(which  253P  does)  should  bond  even  better  to  nylon  6/12  because  of  the 
higher  concentration  of  carbonyl  sites.  Several  processing  parameters, 
such  as  mold  temperature  and  length  of  adhesive  prebake  time,  were  varied 
for  these  different  sets  of  specimens.  Unfortunately,  the  test  results  for 
the  Zytel  L58  material  were  not  particularly  good.  Although  some  evidence 
of  success  was  obtained,  the  Zytel  158/253P  system  by  no  means  measured 
up  to  the  performance  of  the  nylon  12  system.  It  was  found  that  the  Zytel 
158/253P  system  performed  bes*-  when  the  253P  adhesive  was  not  subjected 
to  quite  as  long  a prebake  as  with  the  nylon  12  system.  The  primary  observ- 
able difference  between  these  two  conditions  is  the  color  of  the  253P  film 
at  the  end  of  the  prebake  period,  being  a light  amber  or  honey  color  for  the 
optimum  Zytel  158  condition  and  a darker  amber  for  the  optimum  nylon  12 
condition.  In  the  falling  dart  screening  tests,  the  Zytel  158/253P  system 
proved  satisfactory  at  72°F,  but  at  -65°F  its  performance  fell  considerably 
short  of  that  of  the  nylon  12  system.  In  order  for  the  6/12  material  to  sur- 
vive a falling  dart  impact  at  -65°F,  the  impact  energy  had  to  be  reduced 
to  four  foot-pounds  (the  L1901/253P  system  survived  an  eight  foot-pound 
impact).  In  gunfire  tests,  the  Zytel  158/253P  system,  even  at  72°F,  fell 
considerably  short  of  the  nylon  12  performance.  Samples  from  three  dif- 
ferent sets  of  Zytel  158/253P  banded  projectiles  were  fired  at  ambient 
conditions.  All  of  the  bands  from  two  sets  failed  to  perform  satisfactorily. 
Of  the  three  samples  from  the  third  set,  one  had  clearly  lost  nearly  the 
entire  band,  and  while  the  photographs  for  the  other  two  were  too  dark 
and  blurred  to  interpret  accurately,  it  appeared  as  though  the  bands  on 
these  two  might  have  been  substantially  intact.  All  of  the  Zytel  158/253P 
samples  which  were  gunfire  tested  had  a 30°  bevel  on  the  leading  edge  and 
no  bevel  on  the  trailing  edge.  At  any  rate,  of  the  total  of  six  projectile 
samples  fired  from  the  three  different  sets,  four  were  clear  failures  and 
two  were  questionable.  This  is  in  marked  contrast  to  the  near  100%  success 
rate  achieved  by  the  nylon  12/253P  system. 
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Zytel  158-P3 


This  band  material/adhesive  combination  employs  an  adhesive  mar- 
keted for  use  with  nylon  11  but  which,  by  the  same  reasoning  stated  in  the 
previous  section,  was  felt  worth  evaluating  with  the  nylon  6/12  also.  A 
total  of  four  sets  of  samples  were  fabricated  using  this  combination  with 
about  the  same  results  as  with  the  Zytel  158/253P  system.  The  falling  dart 
screening  tests  conducted  at  72°F  all  resulted  in  satisfactory  performance 
but  at  -65°F  the  result  was  uniformly  poor  with  the  band  fracturing  and  de- 
bonding from  the  substrate  projectile  even  at  impact  energies  as  low  as 
four  foot-pounds.  In  the  gunfire  tests  at  ambient  conditions,  a total  of  ten 
samples  from  three  different  sets  were  fired.  Of  these  samples,  only  one 
was  clearly  intact  after  firing  while  two  others  might  have  been  intact  but 
blurred  photographs  made  it  difficult  to  tell  for  sure.  Of  the  remaining 
seven,  four  were  clear  failures  while  the  other  three  appeared  to  have  lost 
portions  of  the  band,  but  blurred  photographs  preclude  an  unequivocal  state- 
ment to  that  effect.  Just  as  with  all  the  systems  mentioned  previously,  the 
Zytel  i58-P3  samples  discussed  here  had  a 30°  bevel  on  the  front  edge  of  the 
band  but  a blunt  rear  edge. 

Zytel  211-253P 

Nylon  6 possesses  a number  of  desirable  features  for  consideration 
as  a rotating  band  material.  It  is  widely  available  domestically,  it  is 
relatively  inexpensive  and  its  chemical  structure  is  very  similar  to  that 
of  nylon  12,  the  difference  being  that  the  repeating  unit  is  half  as  long. 

Four  sets  of  Zytel  21i-253P  rotating  bar.d  specimens  were  fabricated. 
Several  processing  parameters  were  varied  during  the  fabrication  of  these 
specin.ens,  including  the  temperatures  at  which  the  adhesive  was  baked 
prior  to  molding,  the  elapsed  time  between  adhesive  application  and  molding, 
and  the  temperature  to  which  the  projectile  was  induction  heated  subsequent  to 
molding  in  order  to  consumate  the  bond.  It  was  found  that  certain  combina- 
tions of  these  processing  variables  produced  rotating  bands  which  performed 
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very  well  at  ambient  conditions  and  which  also  showed  considerable  promise 
at  -c5°F  and  lo5°F.  The  best  results  obtained  during  this  program,  with  the 
Zyte!  211/253P  combination  are  briefly  summarized  in  Table  3.  It  has 
been  found  that  the  projectile  surface  must  be  induction  heated  to  about  500°F 
after  molding  to  develop  an  adequate  bond  between  the  nylon  band  and  the 
projectile,  in  fact,  it  has  been  found  that  repeating  this  induction  heating 
process  a second  time  improves  the  bond  over  just  one  heat-up.  In  each 
case,  the  sample  was  quenched  in  cold  water  immediately  after  induction 
heating  to  prevent  warpage  or  distortion  of  the  band.  It  has  also  been  found 
that  the  degree  of  prebaking  of  the  253P  adhesive  can  be  a very  significant 
factor  in  the  ultimate  performance  of  the  rotating  band.  It  was  our  experience 
that  simply  placing  the  adhesive  coated  samples  in  a circulating  air  oven  set 
at  450'yF  for  45  minutes  could  not  be  depended  on  to  yield  reproducible  results. 
This  was  apparent  from  the  observable  differences  in  adhesive  color  after 
ostensibly  identical  bakes.  Inaccuracies  in  temperature  control  or  tempera- 
ture gradients  within  the  oven  are  most  likely  responsible  for  this  problem. 

It  has  been  found  that  if  the  prebake  is  conducted  as  long  as  necessary  to 
produce  a shade  of  amber  comparable  to  that  in  a beer  bottle,  without  regard 
to  the  length  of  time  required,  the  optimum  pribake  has  been  achieved.  One 
other  variable  which  vas  not  optimized  in  this  effort  is  mold  temperature. 

All  of  the  Zytel  211-253P  samples  were  molded  in  a 230°F  mold.  Conceivably, 
use  of  a lower  mold  temperature  could  produce  a more  amorphous  polymer 
structure  and  thereby  increase  the  flexibility  of  the  material  and  enhance  its 
ability  to  perform  satisfactorily  at  -65°F.  In  summary,  as  shovm  in  Table 
3,  a very  limited  number  of  tests  show  that  this  material  combination  performs 
excellently  at  72°F  and  shows  sufficient  promise  at  -65°F  and  165°F  to 
justify  further  work  and  process  parameter  studies.  Contrary  to  the  some- 
what reduced  muzzle  velocities  noted  w'ith  the  BMNO  system  at  165°F,  the 
Zytel  211  results  cited  in  Table  2 at  165°F  all  had  muzzle  velocities  in  the 
range  4026  to  4119  fps,  which  is  almost  identical  to  the  72°F  muzzle  velocity 
range  and  indicates  that  softening  at  165°F  occurs  to  a significantly  lesser 
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TABLE  3 


SUMMARY  OF  REST  TEST  RESULTS  FOR  THE 
ZYTEL  21  1 /253P  SYSTEM 


Specimen 

Number 

Test 

T emperature 
(°F ) 

Falling  Dart 
Result 
(8  ft  lbs) 

| Gunfire  Results 

(Bands  had  15°  bevel  on  leading  edge, 
6°  bevel  on  trailing  edge) 

'A. -c9 

7 5 

Pass 

— 

90-64 

75 

— 

Pass 

90-68 

75 

— 

Pass 

90-7  5 

75 

— 

Pass 

90-76 

7 5 

— 

Pass 

90-85 

75 

— 

Pass 

90-81 

-65  1 

Piece  fractured 

_____ 

-65  I 

and  debonded 

90-62 

-65 

— 

Pass 

90-66 

-65 

— 

Pass 

mam 

-65 

— 

Large  piece  off. 

-65 

— 

Pass 

■ 

-65 

Photograph  difficult  to  interpret. 
May  be  . very  small  piece  off  of 
leading  edge. 

90-63 

165 

_ M _ 

Pass 

90-67 

165 

— 

Cannot  interpret  photo  accurately. 

90-74 

165 

... 

May  be  slight  fraying  but  photo 
blurred. 

90-80 

165 

— 

Pass 

90-84 

165 

Photo  blurred  and  hard  to  interpret 
but  a very  small  piece  may  be  off 
of  leading  edge. 

degree  with  the  Zytel  211  than  with  the  BMNO  or  nylon  12  material.  All  of 
the  data  in  Table  3 are  for  samples  with  a 15°  bevel  on  the  leading  edge  and 
a 6°  bevel  on  the  trailing  edge.  A previous  set  of  five  Zytel  211-253P  samples 
fired  at  72°F  with  a 30°  bevel  on  the  leading  edge  and  no  bevel  on  the  rear 
edge  resulted  in  three  clear  successes  and  two  which  were  difficult  to  inter- 
pret because  of  blurred  photographs  but  which  looked  satisfactory  for  the 
most  part  with  perhaps  some  slight  fraying. 

Zytel  211- P3 

Three  sets  of  Zytel  211- P3  samples  were  fabricated.  Falling  dart 
tests  were  conducted  on  samples  from  each  of  these  sets  and  gunfire  tests 
were  conducted  on  samples  from  two  of  the  sets.  In  each  case,  the  falling 
dart  impact  test  at  72°F  resulted  in  neither  fracture  or  debonding,  while  at 
-65°F  both  fracture  and  debonding  occurred  in  the  large  majority  of  cases. 

One  sample  at  -65°F  did  not  fracture  but  it  did  experience  some  debonding. 

Of  the  two  sets  from  which  samples  were  gunfire  tested,  one  was  subjected 
to  an  adhesive  prebake  before  molding  of  450°F  for  45  minutes  while  the 
other  was  prebaked  for  10  minutes  at  550°F.  Tables  4 and  5 present  the 
gunfire  test  results  obtained  for  these  two  sets  of  samples.  It  is  difficult 
to  see  a significant  difference  between  the  overall  gunfire  performance  of 
the  two  different  sets.  Comparison  of  the  data  in  these  tables  with  that  in 
Table  3 leads  to  the  observation  that  there  appears  to  be  little  to  choose 
between  the  P3  or  the  25 3P  adhesive  for  Zytel  211  rotating  bands.  As  with 
the  Zytel  211-253P  samples,  all  of  the  Zytel  211-P3  samples  were  molded 
with  a mold  temperature  of  230°F  and  use  of  a lower  mold  temperature  could 
help  improve  the  flexibility  of  this  material  and  improve  its  gunfire  perfor- 
mance. It  is  also  possible  that  further  variation  of  the  adhesive  prebake  con- 
dition could  result  in  improved  overall  gunfire  performance. 

Zytel  211-P104 

The  same  company  which  developed  the  P3  adhesive  for  use  with  nylon 
11  also  offers  a P104  adhesive  which  was  developed  for  use  with  electrostatically 


TABLE  4 


GUNFIRE  TEST  RESULTS  FOR  ZYTEL  211/P3 
PREBAKED  AT  450CE  BEFORE  MOLDING 


Specimen 

Number 

Test 

Temperature 

(°F) 

Gunfire  Results 

91-17 

75 

Pass 

91-18 

75 

Pass 

91-21 

75 

Pass 

91-29 

75 

Pass 

91-32 

75 

Pass 

91-19 

-65 

Fail -Very  small  piece  off 
rear  edge. 

91-26 

-65 

Fail-Piece  off  rear  edge. 

91-30 

-65 

Pass 

91-33 

-65 

Fail-Piece  off  rear  edge. 

91-11 

165 

Pass 

91-12 

165 

Fail-Piece  off  around  rear  edge. 

91  -16 

165 

Pass 

91-25 

165 

Pass 

91  -35 

1 65 

Fail-Slight  fraying  at  rear  edge. 

91-23 

75 

Fail-No  pieces  lost  but  some 
fraying. 

91  -27 

75 

Pass 

91-28 

75 

Fail-No  pieces  lost  but  some 
fraying. 

91-34 

75 

Pas  s 

Note:  First  14  specimens  in  table  had  15°  bevels  on  leading  edge  and  6° 

bevels  on  trailing  edge.  Last  4 specimens  had  no  bevel  on  rear 


edge  but  had  a 30°  bevel  on  front  edge. 


TABLE  5 


GUNFIRE  TEST  RESULTS  FOR  ZYTEL  211/P3 
PREEAKED  AT  550°F  BEFORE  MOLDING 


Specimen 

Number 

Test 

Temperature 

(°F) 

Gunfire  Results 

91  -4  3 

75 

Fail-No  piece  lost  but  some 
fraying. 

91  -44 

75 

Fail-No  piece  lost  but  some 
fraying. 

91-52 

75 

Pass 

91  -53 

75 

Pass 

91  -57 

75 

Pass-May  be  very  slight 
fraying. 

91  -42 

-65 

Fail-Small  piece  off  rear  edge. 

91-45 

-65 

Difficult  to  tell  because  of 
blurring.  May  be  small  piece 
off  rear  edge. 

91  -46 

-65 

Pass 

91-51 

-65 

Pass-Photo  blurred. 

91  -58 

-65 

Pass-Photo  blurred. 

91-37 

1 65 

Pass-Photo  blurred  but  may  be 
very  small  piece  off 
rear  edge. 

91  -39 

165 

Pass 

91-40 

165 

Pass -Photo  blurred  but  may  be 
very  small  piece  off 
rear  edge. 

91  -48 

165 

Pass 

91  -38 

75 

Fail-hard  to  tell  for  sure  but 
may  be  very  small  piece 
off  rear  edge. 

91  -47 

75 

Pass 

91-54 

75 

Pass 

91-56 

75 

Pass 

Note:  First  14  specimens  in  table  had  15°  bevels  on  leading  edge  and  6° 

bevel  on  trailing  edge.  Last  4 specimens  had  no  bevel  on  rear  edge 
but  had  a 30°  bevel  on  front  edge. 
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applied  coatings  and  for  use  in  more  severe  environments.  It  was  decided 
that  the  reputedly  better  invironmental  resistance  of  this  adhesive  made 
it  worth  evaluating.  Two  sets  of  Zytel  211/P104  rotating  band  specimens 
were  fabricated.  One  was  molded  with  fresh  adhesive  and  passed  five 
out  of  five  trials  in  72°F  gunfire  tests  (see  Table  6).  Samples  from  this  set 
also  looked  good  in  the  falling  dart  tests  exhibiting  neither  fracture  or  debonding 
at  72°F  or  -65°F.  The  second  set  was  molded  six  weeks  later  with  the  same 
batch  of  adhesive  mixed  earlier,  in  the  falling  dart  test,  samples  from  this 
set  still  underv/ent  no  fracture  or  debonding  at  72°F.  The  initial  72°F  gunfire 
results  from  this  set  of  samples  was  quite  poor,  three  failures  in  three  trials. 
Beveled  leading  and  trailing  edges  were  then  machined  onto  the  remaining 
samples  from  this  set  and  they  were  returned  to  AFATL  for  further  gunfire 
testing.  The  beveled  edge  samples  did  very  well  in  72°F  gunfire  tests,  passing 
all  five  trials  but  the  performance  dropped  off  at  -65°F  and  165°F.  It  is 
certainly  not  inconceivable  that  if  this  system  were  prepared  with  freshly 
mixed  adhesive  and  test  fired  with  beveled  edges,  its  performance  might 
prove  very  good.  Also,  all  of  the  Zytel  211-P104  specimens  were  prepared 
in  a 230°F  mold  and  use  of  a lower  mold  temperature  could  improve  its 
flexibility  and  performance. 


Gunfire  Results 


92-18 

92-19 

92-20 

92-21 


92-26 


92-30 


Temperature 

(°F) 


Pass 

Pass 

Pass 

Pass 

Pass 


Fail-Photo  too  dark  to  be 
sure  but  silhouette 
appears  to  indicate  loss 
of  a piece. 

Fail-Photo  too  dark  to  be 
sure  but  looks  like  a 
small  piece  off  front 
edge  and  some  fraying 
at  rear. 

Fail-Photo  blurred  but  looks 
like  a piece  is  off. 


Fail -Piece  off. 

Fail-Almost  entire  band  lost. 
Pass 

Fail-Piece  off  rear  half. 

Pass 


Fail-Photo  too  dark,  to  be  sure 
but  piece  looks  off. 
Fail-Photo  blurred  but  looks 
like  large  piece  off. 
Fail-Badly  peeled. 

Ha.-d  to  tell-May  be  small 
niece  off  front  edce. 


III. 


CONCLUSIONS 


1.  Although  the  data  base  from  which  the  conclusions  in  this  section 
are  drawn  is  somewhat  limited,  it  is  felt  that  several  material- adhesive 
combinations  have  clearly  demonstrated  sufficient  potential  to  justify 
further  and  more  in-depth  evaluation  as  alternate  material  choices  to 
nylon  12-253P  for  20mm  rotating  bands. 

2.  The  gunfire  performance  of  the  nylon  11  (BMNO)-253P  system  was 
only  slightly  below  that  of  the  nylon  12-253P  system  at  72°F.  At  165°F, 
the  nylon  11  system  performed  very  well  although  at  -65°F  its  performance 
was  unsatisfactory.  No  attempts  at  processing  optimization  were  under- 
taken in  this  program  with  the  BMNO-253P  system.  This  type  of  investi- 
gation combined  with  use  of  more  gradual  bevels  on  the  leading  and  trailing 
edges  of  the  rotating  bands  could  substantially  improve  the  performance 

of  the  BMNO  system. 

3.  The  nylon  6 (Zytel  211)-253P  system,  being  one  which  is  both  domes- 
tically available  and  which  has  demonstrated  the  potential  of  performing  well 
in  gunfire  tests  at  ail  three  temperatures  deserves  further  developmental 
and  evaluation  efforts.  Its  72°F  performance  was  excellent  and  its  perfor- 
mance at  -t’5°F  and  165°F  was  good  although  photographic  problems  make 

it  difficult  to  assess  the  results  of  all  the  test  firings.  Again  no  attempt  at 
process  optimization  was  made  with  this  system. 

4.  The  nylon  6 (Zytel  211)-P3  system  has  demonstrated  considerable 
potential  in  gunfire  tests  and  is  worthy  of  further  development  and  evaluation. 
The  performance  of  this  system  at  72°F  is  excellent.  At  165°F  its  perfor- 
mance is  also  very  good.  At  -65°F  it  demonstrated  considerable  promise 
although  L£s  performance  at  this  temperature  was  not  as  good  as  at  72°F  or 
165°F. 
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5.  The  nylon  6 (Zytel  211)-P104  system  has  also  demonstrated  con- 
siderable promise  and  should  be  further  evaluated.  Its  gunfire  perfor- 
mance at  72°F  was  excellent.  At  -65°F  its  performance  was  only  mar- 
ginal and  at  165°F  it  did  not  perform  well  at  all.  It  must  be  remembered 
that  the  performance  at  these  latter  two  temperatures  was  determined 
from  specimens  made  with  an  adhesive  mixed  six  weeks  prior  to  use  and 
that  process  optimization  efforts  might  achieve  significantly  improved 
gunfire  performance. 

6.  Nylon  6,  12  (Zytel  158)  was  tried  with  four  adhesives  (P3,  P104, 

253P,  and  FM1000).  At  room  temperature  its  gunfire  performance  was, 
at  best,  marginal.  At  -65°F  the  material  did  not  perform  well  at  all. 

7.  Glass  filled  nylon  6 (Plaskon  8231  and  Plaskon  823  3)  was  tried 
at  glass  contents  ranging  from  30%  down  to  3 1/2%  (Plaskon  8231  diluted 
with  Zytel  211)  with  the  P3,  P104,  and  253P  adhesives.  At  the  3 1/2% 
glass  content,  this  combination  survived  falling  dart  tests  at  ?2°F  and 
165°F  but  exhibited  fracture  and  debonding  at  -65°F.  Since  there  is  a 
possibility  that  the  -65°F  failing  dart  test  is  more  severe  lhan  a -65°F 
gunfire  test,  further  testing  of  this  material  should  be  undertaken,  parti- 
cularly gunfire  testing. 

8.  Three  different  kinds  of  nylon  6,  6 were  tried  (Zytel  101,  Zytel  42, 
Zytel  105)  with  four  different  adhesives  (P3,  P104,  253P,  and  FM1000). 

All  performed  poorly  in  the  falling  dart  tests  at  room  temperature,  under- 
going both  fracture  and  debonding. 

9.  An  ethylene-propylene  terpolymer,  designated  Dexon,  was  tried 
without  success.  This  material  was  reputed  to  bond  well  to  steel  without 
an  adhesive  and  it  was  used  in  this  program  without  an  adhesive.  It  was 
found  that  the  material  simply  did  not  bond  very  well  to  the  projectiles  and 
underwent  substantial  debonding  in  the  falling  dart  test  at  room  temperature. 
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10.  A urethane  band  material  (Texin  591A)  was  found  to  perform  very 
well  in  room  temperature  falling  dart  tests  but  to  fracture  and  debond  in 
-65°F  falling  dart  tests.  The  flexible  nature  of  the  material  at  room 
temperature  makes  its  performance  capabilities  at  i65°F  in  a gunfire 
test  suspect,  although  no  actual  tects  at  l65°F  have  been  conducted. 

11.  Phenylene  oxide  based  material  was  tried  in  two  forms,  one  a 
black,  filled  composition  (SE100)  and  the  other  a gray,  natural  compo- 
sition (ENG  265).  A number  of  different  adhesive/primer /processing 
parameter  combinations  were  tried  with  results  in  falling  dart  tests  at 
72°F  running  from  poor  to  marginal  and  results  in  dart  tests  at  -65°F 
producing  consistently  fractured  and  debonded  bands. 

12.  Two  other  materials  were  also  tried,  a thermoplastic  polyester 
(Tenite  6T-91A)  and  an  acryllic  (ST-375)  with  very  poor  falling  dart 
performance  at  72°F  being  exhibited  by  both. 


IV. 


RECOMMENDATIONS 


1.  Process  optimization  studies  should  be  performed  on  the  BMNO- 

253P,  Zytel  211-P3,  and  Zytel  211-P104  rotating  band  systems  to  improve 
the  gunfire  performance  of  these  20mm  rotating  band  systems.  Although 
it  is  felt  that  all  aspects  of  the  fabrication  process  a^e  worthy  of  investiga- 
tion, several  which  have  been  briefly  touched  on  in  this  effort,  will  be 
especially  mentioned  because  there  is  reason  to  believe  that  the  performance 
of  the  system  could  be  readily  improved  by  suitable  manipulation  of  these 
specific  parameters.  First,  use  of  a mold  temperature  lower  than  230°F 
should  be  investigated  to  determine  if  a more  amorphous  and  thereby  more 
flexible  polymer  structure  could  be  obtained.  Secondly,  the  degree  of  pre- 
baking to  which  the  253P,  P3,  and  PI  04  adhesives  are  subjected  prior  to 
molding  should  be  varied.  It  has  been  found  that  this  can  be  a very  signi- 
ficant factor  and  that  the  degree  of  prebaking  which  is  optimum  can  vary 
from  one  band  material  to  another. 
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APPENDIX  A 


MATERIALS  UTILIZED  DURING  20mm 
ROTATING  BAND  INVESTIGATION 

The  information  listed  in  tables  A-l  through  A-4  identify  not  only  the 
band  materials  and  band  adhesives  evaluated  in  this  effort,  but  also  indicates 
in  what  combinations  the  various  band  materials  and  adhesives  were  used. 


Table  A-l.  Rotating  Band  Materials  Investigated 


Material 

Type  of 

Designation 

Polymer 

Source 

Dexon  XPA-  3 

ethylene -propylene - 
acryllic  acid  terpolymer 

Exxon  Chemical  Co. 
Baytown,  Texas 

Dexon  XPA -4 

ethylene -propylene- 
acryllic  acid  terpolymer 

Exxon  Chemical  Co. 
Baytown,  Texas 

Tenite  6T91A 

thermoplastic  polyester 

Eastman  Chemical 
Kingsport,  Tenn. 

XT  375 

acryllic 

American  Cyanamid 
Wayne,  N.  J. 

Texin  591A 

urethane 

Mobay  Chemical  Co. 
Pittsburgh,  Pa. 

Noryl  SE100 

phenylene  oxide- 
filled,  black 

General  Electric 
Selkirk,  N.Y. 

Noryl  EN265 

phenylene  oxide 

General  Electric 
Selkirk,  N.Y. 

Rilsan  BMNO 

Nylon  1 1 

Rilsan  Corp. 
Glenrock,  N.  J. 

Zytel  42 

Nylon  6/6  (hi-viscosity) 

DuPont 

Wilmington,  Del. 

Zytel  101 

Nylon  6/6 

DcPont 

Wilmington,  Del. 

Zytel  105 

Nylon  6/6  (filled, black) 

DuPont 

Wilmington,  Del. 

Zytel  158 

Nylon  6/12 

DuPont 

Wilmington,  Del. 

Zytel  211 

Nylon  6 

DuPont 

Wilmington,  Del. 
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Table  A-l.  Rotating  Band  Materials  Investigated  (concl. ) 


Material  Type  of 

Designation  Polymer  Source 


Polyamide  LI 901 

Nylon  12 

Mobay  Chemical  Co. 
Pittsburgh,  Pa. 

Plaskon  8231 

Nylon  6 (14%  glass  filled) 

Allied  Chemical 
Morristown,  N.J. 

Plaskon  8233 

Nylon  6 (30%  glass  filled) 

Allied  Chemical 
Morristown,  N.J. 

Plaskc  ' 8231/ 
Zytel  211  [50:50] 

Nylon  6 (7%  glass  filled) 

Plaskon  8231  / 
Zytel  211  [25:75] 

Nylon  6 (3-1/2%  glass  filled) 

Plaskon  8231/ 
L1901  [25:75] 

Nylon  6/Nylon  12 
(3-1/2%  glass  filled) 

i 


Table  A-2.  Adhesives  Evaluated  During  Rotating 
Band  Investigations 


Material 

Designation 

Type  of 
Adhesive 

Source 

253P 

epoxy  type 

MScT  Chemical  Co, 
Cincinnati,  Ohio 

P3 

epoxy-phenolic 

Rilsan  Corporation 
Glenrock,  N.J. 

PI  04 

epoxy-phenolic 

Rilsan  Corporation 
Glenrock,  N.  J. 

Loctite  307 

urethane  modified 
acryllic 

Loctite  Corporation 
Newington,  Conn. 

FM53 

modified  epoxy 

Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

FM238 

nitrile  phenolic 

Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

FM10C0 

nylon  epoxy 

Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

Hysol  4405/ 
H8L  3538 

modified  epoxy 

Hysol 

New  York,  N.  Y. 

Scotchclad  776 

oil  resistant  elastomer 

3M 

Wayne,  Mich. 

Scotch  veld  2214 

modified  epoxy  (filled) 

3M 

Wayne,  Mich. 

ThixonAB  1153/66 

rubber  based  adhesive 

Dayton  Chemical  Prod. 
West  Alexandria,  Ohio 
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Table  A-3 

Material 

Designation 

BR-1009 
BR-238 
BR-53 
Bocquik  T 


. Adhesive  Primers  Utilized  During 
Rotating  Bar.c:  Studies 


Source 


Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

Bloomingdale  Div.  of 
American  Cyanamid 
Havre  de  Grace,  Md. 

Loctite  Corporation 
Newington,  Conn. 


Recommended 
For  Use  "With 

FM1000 

FM238 

FM53 


Loctite  307 


Table  A-4.  Rotating  Band  Mater ial/Adhcsive/Primer 
Combinations  Investigated 


Comb. 


No. 

Band  Material 

Adhesive 

Primer 

1 

Dexon  XPA3 

None 

None 

2 

Dexon  XPA4 

None 

None 

3 

Tenite  6T-91A 

Loctite  307 

Lockquik 

4 

XT  375 

FM1000 

BR  1009 

5 

XT  375 

FM238 

BR  238 

6 

XT  375 

Scotchclad  776 

None 

7 

XT  375 

Scotchweld  2214 

None 

8 

XT  375 

Thixon  AB 11 53/66 

None 

9 

Texin  591 A 

Thixon  AB  11 53/66 

None 

10 

Noryl  SE100 

FM1000 

BR  1009 

11 

Noryl  EN265 

FM1000 

BR  1009 

12 

Noryl  EN265 

FM1000 

BR  53 

13 

Noryl  EN265 

FM53 

None 

14 

Noryl  EN265 

FM53 

BR  53 

15 

Noryl  EN265 

FM53 

253P 

16 

Noryl  EN265 

Hysol 4405/ 
H8L3538 

None 

17 

Rilsan  BMNO 

253P 

None 

18 

Rilsan  BMNO 

P3 

None 

19 

Polyamide  LI  901 

253P 

None 

20 

Zytel  42 

253P 

None 

21 

Zyfcel  42 

P3 

None 

22 

Zytel  42 

P104 

None 

23 

Zytel  42 

FM1000 

BR  1009 

24 

Zytel  101 

FM1000 

BR  1009 

25 

Zytel  101 

253P 

None 

Table  A-4.  Rotating  Band  Material/Adhesive/Primer 
Combinations  Investigated  (concl.  ) 


Comb. 


No. 

Band  Material 

Adhesive 

Primer 

26 

Zytel  1 01 

P3 

None 

27 

Zytel  105 

253P 

None 

28 

Zytel  158 

FM1000 

BR  1009 

29 

Zytel  158 

253P 

None 

30 

Zytel  158 

P3 

None 

31 

Zytel  1 58 

PI  04 

None 

32 

Zytel  211 

253P 

None 

33 

Zytel  211 

P3 

None 

34 

Zytel  211 

PI  04 

None 

35 

Zytel 211 

FM238 

BR  238 

36 

Zytel  211 

FM1000 

BR  1009 

37 

Zytel  211 

FM53U 

BR  53 

38 

Plaskon  8233 

253P 

None 

39 

Plaskon  8233 

P3 

None 

40 

Plaskon  8233 

PI  04 

None 

41 

Plaskon  8231 

253P 

None 

42 

Plaskon  8231 

P3 

None 

43 

Plaskon  8231 

PI  04 

None 

44 

Plaskon  8231/ 
Zytel  211  [50:50] 

253P 

None 

46 

Plaskon  8231 / 
Zytel  211  [50:50] 

P3 

None 

46 

Plaskon  8231 / 
Zytel  211  [25:75] 

253P 

None 

47 

Plaskon  82 31 / 
Zytel  211  [25:75] 

P3 

None 

48 

Plaskon  8231/ 
Zytel  211  [25:75] 

P104 

None 

49 

Plaskon  8231/ 
L1901  [25:75] 

253P 

None 
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APPENDIX  B 


MOLDING  PARAMETERS  AND  BONDING  PROCEDURES 

used  To  fabricate  plastic  rotating  bands 


Forty-nine  combinations  o£  band  material / adhesive/ primer  were 
fabricated  and  evaluated  curing  this  program.  Numerous  processing  varia- 
tions were  also  superin. posed  upon  these  forty-nine  combinations  to  yield 
a grand  total  of  over  or.e  hundred  material/ processing  combinations.  Each 
of  these  combinations  are  described  in  this  section  and  the  specific  proces- 
sing conditions  and  molding  parameters  used  for  each  combination  are  also 
listed.  Recognizing  that  this  is  a cumbersome  amount  of  information  to 
present  and  that  it  is  highly  desirable  to  organize  it  such  that  the  time  re- 
quired to  comprehend  it  is  minimized,  the  Information  has  been  divided 
into  two  sections.  The  first  section  presents  the  pertinent  details  needed 
to  identify  each  material/adhesive  combination  and  the  surface  prepara- 
tion and  adhesive  application  procedures  used  for  that  particular  combin- 
ation. It  also  refers  the  reader  to  the  appropriate  molding  parameters 
utilized  for  that  combination.  The  second  section  contains  copies  of  the 
injection  molding  data  records  and  indicates  the  temperatures,  pressures, 
times,  and  machine  settings  used  to  injection  mold  each  set  of  specimens 
discussed  in  this  report. 

Each  table  and  record  sheet  contains  identifying  sample  set  and  speci- 
men numbers  for  cross  referencing  with  the  test  data  presented  in  Appendix  C 
and  Section  HE  and  also  designates,  by  name  and  number,  the  band  material. 
It  should  be  kept  in  mind  that  during  the  early  months  of  the  investigations, 
because  of  a shortage  of  projectiles,  some  were  used  over  a second  time. 

This  lead  to  the  same  sample  number  occasionally  appearing  twice  in  the 
accompanying  tables,  even  though  the  band,  adhesive,  or  processing  condi- 
tions were  different  for  the  two  different  occasions. 
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BAND  PROCESSING  PARAMETER  RECORD 


PROCESSING  PARAMETER  RECORD- 


BAND  PROCESSING  PARAMETER  RECORD 
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Sample  Nos.  53-1  to  53-6.  Projectiles  preheated  to  350°F  before  being  placed  in  mold. 
Sample  Nos.  53-11  to  53-25.  Projectiles  preheated  to  500°F  before  being  placed  in  mold. 


Resin  dried  2 hr.  at  220  r'.  Sample  Nos.  20-1  to  20-10. 

Resin  dried  3 hr.  at  220°F.  Sample  Nos.  10-1  to  10-20.  These  twenty  st  ^divided  into 
three  groups  of  ten,  five  and  five.  Samples  10-1  to  10-10  molded  with  no  adhesive  pre- 
bake. Samples  10-11  to  10-20  had  prebaked  adhesive.  Samples  10-11  to  10-15  were  cold 
when  placed  in  mold.  Samples  10-16  to  10-20  were  hot  when  placed  in  mold. 
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Resin  dried  2 hr.  at  200°F.  Sample  Nos.  85-1  to  85-6(reused  again) 
Resin  dried  2 hr.  at  200°F.  Sample  Nos.  85-7  to  85-30. 
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Samples  75-16  to  7 5-45.  First  twenty  molded  three  days  after  application  of  253P. 
Last  ten  molded  same  day  as  253P  application. 


MOLDING  DATA  RECORD  - Newbury  Eldorado  3V-75RS  | Sheet  No.  M8 

Job  Operator  Mold  Description  ( Barrel/  Screw  I Safety  Check  Engineer 
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Samples  31-1  to  31- 
Samples  32-1  to  32- 


Samples  93-1  to  93- 
Samples  94-1  to  9'1- 
Samples  95-1  to  95- 


APPENDIX  C 


TEST  DATA 

This  section  presents  the  results  of  both  falling  dart  screening  tests 
and  gunfire  tests  conducted  upon  samples  of  all  the  different  rotating  band/ 
adhesive/processing  variable  combinations  investigated  during  this  pro- 
gram. The  information  is  organized  so  the  reader  can  cross  reference 
the  test  results  obtained  for  any  single  specimen  with  the  processing  and 
molding  parameters  used  in  the  fabrication  of  that  specimen  and  tabulated 
in  Appendix  B,  The  notations  PI  through  P14  and  Ml  through  M15  refer, 
respectively,  to  the  sheet  numbers  upon  which  the  processing  or  molding 
data  is  recorded  in  Appendix  B. 
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20  mm  ROTATING  HAND  TEST  DATA 


2 50-1  pi 


2 50-2  PI 


2 50-3  PI 


2 50-5  PI 


82-3  PI 


50-1  PI 


4 70-5  PI 


6 53-4  PI 


50-  4 PI 


50r  0|  PI 


7 50-2  PI 


9 60-  3 PI 


9 1)0-5  PI 


10  20-7  PI 


Other  Te3t  Data 


Pall. 

Dart 


Pall. 
Dart 


Ml  Fall. 
Dart 


Ml  lal1- 
f Dart 


induction  nest- 
ed to  a variety 


Fall. 
M1  Dart 


hance 

wettir 


nee  surface  \ 
dting.  All  \ 


1/  the  samples 

75  I 

1/  ultimately  saw 

‘•ll  I Dart 


ISslV!  75 


Ml  Fall.  75 
n.v.t 


a irsav.  temo.  of 
500°F  dun  n’g 


ce  v Lttms 
a r- ? mules 


ultimately  saw 
a max.  terra. 


Sheet  No.  D1 


Obacrvcd 

Teat  Additional  comments  on 
Result  Test  Results 


Fail  Bandfracturcd  and  debonded 
from  substrate. 


Band  fractured  and  debonded 
Patl  from  substrate. 


sntire  band  lost. 


Fail  Entire  band  lost. 


Fail  Slight  fracturing. 

Substantial  debonding. 


'racture  and  debonding. 


Slight  fracturing. 

* Substantial  debonding. 


No  fracture,  some  debonding. 


'racture,  complete  debonding 


Mo  fracture,  some  debonding. 


Band  fractured  ana  debonded 
Fail  from  substrate. 


pajj  Band  fractured  and  debonded 
from  substrate. 


Fail  lEntirc  band  los 


Fail  Entire  band  lost. 


:racture. 

ubstantial  debcndir.g. 


Fracture. 

Substantial  debonding 


t racture. 

5 ubstantial  debondin1’. 


Fracture. 

•lubstannal  debondmg. 


Band  IracUirea  and 
entirely  deborr'ed. 


Band  fractmed  a 
entirely  iie:,ende< 


Slight  fractui  e. 

Sub  st  ar  1 1 a 1 do*  ward  i n e . 


Fracture  and  debonuin 


Fail  Fracture  and  dcbondin 


i 


P3  M3 


Fracture  and 
partial  Hrbon^ina. 
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10  mm  ROTATING  BAND  TEST  DATA 


Other  Teat  Data 


c> 

c.  c»  o ^ 

i * o* 

U >-  O 

o A u c“ 
n.  --  o s. 
w _)C. 


Sheet  No.  D5 


Observed 

Test  Additional  comments  on 
Result  Test  Results 


55  75-5| 


5-3  P'l  L4  5 


75-6  P4 


Fall. 

Da  r t 75 


Several  narts  of  band  lest. 


Fiacture  and 

artial  debonding. 


Entire  band  lost. 


F racture  and 

tial  debondine. 


Band  almost  entirely  lost. 


Slight  fraying  at  rear  edge. 


Photo  blurred.  Hard  to  tell 
condition  of 


Fracture  and  debonding. 


Fracture  and  debonding. 


F-acture  and  debonding. 


Fiacturc  and 

debonding. 


Fracture  and 
partial  debondir.g. 


Fracture  and 
nartial  debonding. 


Fracture  and 
partial  debonding 


Very  slight  fracture  arid 
ccbonoing. 


F' racture  and 

aartial  clcbondins. 


F'racturc  and 

partial  debonding. 


Very  imall  piece  lost  from 
rear  edge. 


Sever. I small  chunks  on 
f rent  and  rear. 


Onc-foirth  of  band  lost. 


Large  jiccc  lost. 
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20  mm  ROTATING  BAND  TEST  DATA 
~T 1-cr-Po-rrr 1 1 r— 

Test 

Temp.  Other  Test  Data 

(F°) 


Sheet  Nc. 


Additional  commcnto  on 
Tc3t  Results 


Fall. 

76-2!  PS  M6  Dart  75 


43  76-39  ps 


76-11)  PS 


43  176-13  P5 


76- ?i  P5 


43  76-26  PS 


Gun 
Fire  75 


Gun 

Fire  75 


F racturc  and 

partial  debonding. 

Photo  blurreo  outlooks  OK 
May  be  fravinp. 


Fail  Small  oeicc  off  rear  edo* 


• Pnoto  blurreo  but  looks  OK. 
■^ass  May  have  lost  small  niece. 


Photo  blurred  but  look.  OK.  May 
have  lost  entail  piece  on  rear  edge 

Pnoto  blurreo "out  some 
pieces  look  lost. 


Gun  I 

P5  M6  Fircj  75 


PS  I M6 


45  [76  - 53  PS  M6  Dart  -65 


Fall. 

46  76-6?  PS  M6  Dart  75 


IFaU, 

M6  Dart  -65 


47  67-16  Po  M7 


67-2  P6  M7 


p ail. 

48  57-26  P6  M7  Dart  75 


4 8 57-25  P6  M7  (Dart’  75 


Fall. 


49  J67 - 45 


P6 


51  68-2  pb 


Dart  75 


Fall. 

Dart  75 


52  18-11  P6  | M7_ 

53  f£ - ](j  p6  j M7 


55  8-2'.  1 >6 


56 


57 


'22  MS 

P?  MS 


57  |41  - l?|  f>7 


P7 


Fail 

r racture  and 

slieht  debondine. 

Fail 

Photo  biurrea  but  large 
chunk  appears  missing. 

Pass 

vcry  small  chip  at  rear 
eace.  No  debondine. 

Fail 

Fracture  and  debonding. 

Pass 

bmail  entps  at  front  ana  rear 
edges.  No  debonding. 

Fail 

Fracture  and  debonding. 

Fail 

Fracture  and 

partial  debondine. 

Fail 

F racture  and 

oartial  debondine. 

mm 

Fracture  and 

oartial  debondine. 

Fail 

i racture  ana 

partial  debonding. 

Fail 

r racture  and  \ 

partial  debonding.  J 

Fracture  and 

nartial  debondine. 
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20  mm  ROTATING  HAND  TEST  DATA 


Sheet  No DIO 


Observed! 

Addition?.!  comments  on 
Result  I Test  Results 


Fracture  and 
partial  debondinp. 


69|n-4?j 


M10  j?ire 


P8|  M10  §??a 


m 

n-4': 

P8 

Ml°  f?" 

!r  ire 

75 

3and  had  15°  h c°  bevels 
on  front  end  rear  edges 

pa 

Miofe 

75 

[Sane  nab  lo°  u o bevels 
!on  front  ar.d  rear  cores 

69  {51-S3j 


69  h-5 


>1-4  a 


69  >1-4 


.69  |«-4 


69 

n-5i 

H 

69  Pl-5f 


69  >1-37 


69  )l-4f 


70  }2-9 


PS  M10  |pf”e 


PS  M10 


PS  j M.10 


PS 


PS  M10 


PS  M10 


P8  M10 


PS  M10 


PS  M10 


P8  M10 


PS  M10 


PS  M10 


mmmm 


..ianu  nad  lo~  L o'' bevels  | _ .. 
3 fer.  front  and  rear  cspcs.I  * ai1 


Pass 


No  fracture. 
Slight  debonding. 


Photo  dark  u blurrea.  May  be 
OK  but  may  have  lost  small 
niece. 


May  be  tiny  iragment 
off  at  rear  edge. 


Some  fraying  at  rear 
edge. 


Some  fraying  at  rear 
edge. 


y oe  very  slight 


Small  niece  lost  from 
rear  edge. 


loto  uark  U blurred.  May  be 
mall  niece  off  rear  edge. 


Photo  blurred. 


Piioto  blurred. 


Photo  blurrea.  May  be  small 
niece  off  rear  edge. 


.liana  bail  la-  « c>>  oevcis 
*65  (on  fror.t  and  rear  edres.  Pass 


{I5anc!  lud  15°  it  6^  bevels 
1^5  jon  front  and  rear  cdce.i.  Pass 


Photo  blurred.  May  be  small 
piece  off  roar  ed<*c. 


Siiglit  fracture  and  partial 
debonding. 


20  mm  NOTATING  NANI)  TKST  DATA 


Sheet  No.'  ' ‘ 012' 


Observed 

Other  Test  Data  Test  Additional  comments  on 

Result  Test  Results 


87  11-19 


87  11-20 


88  11-2) 


88  11-22 
89  11-23 
89  11-21 


PlOj  M12 
P10  .V.  12 
MO  M12 


rail. 

Unit  -65 

T.Tir. 

Out  75 


No  lracturc. 
Substantial  debondir.c. 


Fracture  tc  complete  debondma 
at  both  metalf.olastic  interlaces 


No  fracture. 
Substantial  dcbondinc. 


Fracture  « complete  ocoonamp 
at  both  metalf.oiastic  interface 


Fail  : 

Fracture  ana 
iartial  deboncine. 

Fail  ; 

'racture  and 
sartial  debonding. 

racture  anc 
partial  deboncin^. 


racture  anc  ceoor.cing  at 
iastic- adhesive  interface. 


{Fracture  and  ceoonemg  at 
Kl a stic -adhesive  interface. 


racture  and  aeoor.ciing  at 
olastic-adhesp e interface. 


Fracture  anc  Geoonamg  at 
plastic-adhesive  interface. 


iFracture  and  debor.dina  at 
b 1 a s t i c - a d h e s i v e interface. 


S at 
ace 


Iggigjlii 


|r  racture  anu  ocuonain"  at 
plastic-adhesive  interface. 


Fracture  and  ceoonci-.ng  ac 
[plastic-  ad  he  si  vc  inte  r face. 


i-  racture  a sic  <*' 

elastic- adhesive  interfov  * 


No  fracture.  \c:y  slight  dcoo.id- 
inc  at  j'l.K.t’c- adhesive  in’^rtAC  . 


No  fracture.  Very  ill  put  OebC’-u • 
inp.  at  plaM>c-r*d»icsi\  c interlace. 


No  fracture.  Very  slight  debond* 
inc  at  p!  ic- artbc  mvc  iVerfacc. 


[ No  fracture.  Very  slight  trbond- 
! inf  at  p? a 5t ic* Art’ii* ; i vc  in  «* rfqe c. 
TTo  fracture.  vvry  ',!ifm  bond- 
inf  n t p1 1 t ie*  A i • i \r  e. , 

| No  »raclurc.  \ cry  s.tj.u;  debond- 
Jnf  at  plaMic- adhcMvc  interface. 
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20  mm  ROTATING  BAND  TEST  DATA  - 


Sheet  No, 


D13 


m. 


* 

i 


s 

" p 

'£  o 
.5  ■« 
3 E 

P a 

Specimen 

Number 

-4  i>j 

o c 
o „c 

fj  Uq 

y cH 
O s. 
AC, 

Location  of 
Molding 
Data 

Type 

of 

Test 

Test 

Temp. 

(F°) 

Other  Test  Data 

Observed 

Test 

Result 

Additional  comments  on 
Test  Results 

' 90 

21-25 

P10 

M12 

Fall. 

Dart 

7o 

Fail 

No  fracture.  Very  rlipnt  debond-  * 
inr.  at  plastic- adhesive  interface. 

90 

21-26 

P10 

M12 

i-  ali. 
Dart 

-65 

Fail  ■ 

No  fracture.  Very  slight  debond- 
ing at  plastic-adhesive  interface.  . 

91 

21-27 

P10 

ivll2 

Fall. 

Dart 

75 

Fail 

No  fracture.  Very  slight  debond- 
inq  at  plastic-adhesive  interface. 

91 

21-26 

P10 

M12 

Fall. 

Dart 

-65 

Fail 

Fracture  taeoonam”  at 
primer-metal  interface. 

92 

21-29 

P10 

.M12 

g ail. 
Dart 

75 

* 

Fail 

No  fracture.  Very  slight  deoond- 
ing  at  ulastic-adhcsivc  interface. 

92 

21-3  ( 

P10 

M12 

Fall. 

Dart 

-65 

- 

Fail 

Fracture  aria  debondin"  at 
plastic-adhesive  interface. 

93 

21-3! 

Pll 

M12 

Fall. 

Dart 

75 

Fail 

Fracture  ana  dchonaing  at 
plastic-adhesive  interface. 

94 

21-34 

Pil 

M12 

r all. 
Dart 

75 

- 

Fail 

Fracture  U total  deoonaing  at 
plastic-adhesive  interface. 

95 

21-35 

Pll 

M12 

Fall. 

Dart 

75 

Fail 

Fracture  ft  partial  debonding 
at  plastic- adhesive  interface. 

96 

21-37 

Pil 

M12 

Fall. 

Dart 

75 

Fail 

r racture  a partial  ucuor.ciug 
at  plastic- adhesive  interface. 

■97 

21-35 

“ 

Ml  2 

Fall. 

Dart 

75 

Fail 

Fracture  & partial  debonding' 
at  plastic- adhesive  interface. 

98 

21-42 

Pll 

M12 

FalE 

Dart 

75 

• 

Fail 

Fracture  partial  deoonaing 
at  plastic-adhesive  interface. 

•99 

22-2 

Pll 

M12 

Fall. 

Dart 

75 

- - - " ‘ * 

Fail 

Fracture  and  debonding. 

99 

22-1 

Pll 

Ml  2 

Fail. 

Dart 

-65 

Fail 

Fracture  and  debonding. 

100 

22-4 

Pll 

Ml  2 

Fall. 

Dart 

75 

Fail 

No  fracture. 

Vo rv  slight  debondine. 

100 

22-3 

Pll 

Ml  2 

Fall. 

Dart 

-65 



Fail 

Fracture  and  debonding. 

101 

22-6 

Pll 

Ml  2 

Fall. 

Dart 

75 

..  — — 

Fail 

No  fracture. 

Very  slicht  debondine. 

10f 

22-5 

Pll 

Ml  2 

Fan. 

Dart 

-65 

— ‘ . . - - — 

' Fail 

Fracture  and  debondine. 

102 

22-8 

Pll 

M12 

Fali. 

Dart 

75 



Fail 

i\o  iracturc. 

Very  slight  debonding. 

102 

22-7 

Pll 

M12 
Ml  2 

Fall. 

Dart 

-65 

— 

Fail 

Fracture  and  debonding. 

103 

7.2-1 1 

Pll 

Fall. 

DaTt 

75 

- • 

Fail 

No  fracture. 

Very  slight  debonding. 

103 

22-9 

Pll 

M12 

Fall. 

Dart 

-65 



Fail 

Fracture  ar.d  debonding. 

104 

23-1 

PI  2 

Ml  3 

Fall. 

Dart 

75 

Pass 

104 

23-1 

PI  2 

M13 

Fali. 

Dnrti 

- 65 



Fail 

No  fracture. 

Very  slicht  debondine. 

104 

23-2 

PI  2 

Ml  3 

Fall. 

Dart 

-65 

— — • 

Fail 

Fracture  & debonding  at 
metal- adhesive  interface. 

105 

23-5 

PI  2 

Ml  3 

Fall. 

Dart 

75 

Pass 

105 

23-5 

Pi  2 

Ml  3 

Fall. 

Part 

-65 

Fail 

Debondine  at  metal- 
adhesive  interface. 

506 

23-7 

P12 

M13 

i air: 
Dart 

75 

t 

Fail 

Fracture  t<  very  slight debona- 
ir j:  at  metal-adhesive  interface 

106 

13-7 

PI  2 

M13 

Fall. 

Dari 

-65 

Fail 

Fracture  (:  VO  rv  slight  debond- 
inp  at  metal  -adhesive  interface 

— 

■ ■ - • 
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w. 


m- 


K-7, 


Sheet  No, 


D14 


20  mm  NOTATING  BAND  TEST  DATA 


P13  M14  Dart  ^5 


11.6  101-3  PI 3 


116 

;01-4 

PI  3 

Ml  4 

117 

02-7 

P13 

Ml  4 

117 

PI  3 

MM 

118 

10-4 

— 

PI  3 

M14 

118  110-6  P13  MM  Dart  165 


Additional  comments  on 
Test  Results 


Fracture  It  debonding  ac 
metal- adhesive  interface. 


Fracture  tt  substantial  debond- 
ng  at  metal- adhesive  interface 


racturc  & substantial  debond 
ng  at  metal -adhesive  interface 


/ery  slight  debonding. 


'racturc  and  debonding 
t both  interfaces. 


Very  slight  debonding. 


Very  slight  debonding. 


racture  and  debonding  at 
"nctal- adhesive  interface. 


Very  slight  debonding  at 
plastic- adhesive  interface. 


Fracture  and  debonding  at 
metal-adhesive  interface. 


Very  slignt  dcoonamg  at 
interfaces. 


ery  slight  debonding  at 
aoth  interfaces. 


Dcboi\dinc  at  metal-  . 
adhesive  ‘interlace. 


cbonding  at  metal- 
idhesivc  interface. 


Debonding  at  mctal- 
dhesive  interface. 


t racturc  and  debonding  at 
nctal- adhesive  interface. 


Fracture  and  debonumg  at 
metal- adhesive  interface. 


Fracture  and  ocbonding  at 
nlns  tic-adhesive  interface. 


rraciure  anti  ucoonuing  at 
lastic-ndhesivc  interface. 


rraciure  and  debonding  at 
plastic-adhesive  interface. 


1-  racturc  and  tlcbcnding  at 
plastic-adhesive  interface. 


r racturc  and  tic  bonding  at 
plastic- adhesive  interface. 


rraciure  anil  ucuontling  at 
plaslic-adhcsivc  interface. 


? ' 
V: 
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